Turmeric (Curcuma longa L.) is one of the important spice crops grown in India in an area of 1.94 Mha with an average production of 9.71 ton and productivity 5 ton/ha (Anonymous 2013). Weed competition is one of the limiting factors for low yield of turmeric. Due to improper weed management, 30-70% yield losses have been reported in the crop (Krishnamurty and Ayyaswamy 2000). Turmeric is a long durational crop takes 8-9 months, therefore, preemergence application of herbicides alone can not control weeds throughout critical crop-weed competition period of the crop and needs an integration of pre-and post-emergence application of herbicide or inter-culture operation in combination with pre-emergence herbicide application. Hence, a field experiment was carried out to suggest a suitable integrated weed management for better production of turmeric.
Weed flora
The major weeds found in experimental plot, viz. Ageratum conyzoides (L.), Celosia argentea (L.), Acalypha indica (L.) among broad-leaved weeds; Digitaria sanguinalis (L.), Panicum dichotomiflorum among grassy and Cyperus rotundus (L.) among sedges were predominant. Among all the categories broad-leaved dominated (60.4%) followed by grassy (28%) and sedges (11.6%).
Effect of weed density and dry matter
Among chemical weed control methods application of metribuzin 0.7 kg/ha PE fb fenoxapropp-ethyl 67 g/ha + metsulfuron 4 g/ha at 45 DAP recorded reduced total weed density at 90 and 150 DAP to the tune of 66.96 and 54.67% compared to hand weeding at 25, 45 and 75 DAP respectively. Similarly, total weed dry matter accumulation was reduced in metribuzin 0.7 kg/ha PE fb fenoxaprop-pethyl 67 g/ha + metsulfuron 4 g/ha at 45 DAP at 90 and 150 DAP to the tune of 44.24 and 52.27% respectively compared to hand weeding at 25, 45 and 75 DAP. Among weed control methods, application of atrazine 0.75 kg/ha PE fb straw mulch at 10 DAP fb hand weeding at 75 DAP recorded maximum dry matter accumulation to the extent of 7.27, 42.2 and 80.5% higher at 30, 90 and 150 DAP respectively compared to hand weeding at 25, 45 and 75 DAP by turmeric leaves. Similarly, application of atrazine 0.75 kg/ha PE fb straw mulch at 10 DAP fb hand weeding at 75 DAP also recorded significantly higher stem dry matter accumulation which were 63.5 and 70.6 % higher compared to hand weeding at 25, 45 and 75 DAP, at 90 and 150 DAP respectively (Table 1) . Moreover, similar result was also observed in case of dry matter accumulation by rhizomes as atrazine 0.75 kg/ha PE fb straw mulch at 10 DAP fb hand weeding at 75 DAP recorded significantly higher dry matter accumulation by rhizomes to the tune of 180, 152 and 154% compared to hand weeding at 25, 45 and 75 DAP, at 90, 150 and 210 DAP respectively. Application of atrazine 0.75 kg/ha pre-emergence fb straw mulch at 10 DAP fb hand weeding at 75 DAP also recorded maximum total dry matter accumulation by plants which were 8.95, 136, 140 and 154% higher than hand weeding at 25, 45 and 75 DAP, at 30, 90, 150 and 210 DAP respectively. Sathiyavani and Prabhakaran (2015) have also reported that either use of mulch or its integration with herbicides and hand weeding has resulted in better dry matter accumulation by plants.
Plant injury of turmeric as a result of phytotoxicity recorded at 60 DAP was maximum under treatments of integration of chemicals like metribuzin 0.7 kg/ha fb fenoxaprop-p-ethyl 67 g/ha + metsulfuron 4 g/ha at 45 DAP i.e., 7.67, at a scale of 0-10. Among all the treatments, integration of chemical along with straw mulch and hand weeding recorded reduced phyto-toxicity on turmeric plant i.e. atrazine 0.75 kg/ha pre-emergence each fb straw mulch at 10 DAP followed by hand weeding at 75 DAP. The phyto-toxic effect of herbicide on turmeric plants have also been observed by Bharty et al. (2016a) , Barla et al. (2015) and Jadhav and Pawar (2014).
Yield and net returns
Application of atrazine 0.75 kg/ha PE fb straw mulch at 10 DAP fb hand weeding at 75 DAP recorded 50.5% higher fresh yield than hand weeding ( Table 1) . The higher yield owing to treatments integrated with metribuzin 0.7 kg/ha or pendimethalin 1.0 kg/ha or atrazine 0.75 kg/ha PE each fb straw mulch at 10 DAP fb hand weeding at 75 DAP can be justified as combined effect of better weed control and reduced phyto-toxicity. Bharty et al. (2016a, b) , Barla et al. (2015) , Manhas et al. (2011) and Kaur et al. (2008) have also observed higher yield of turmeric under the treatments having straw mulch along with heribicides each fb hand weeding at 75 DAP. Similarly, maximum net return (` 621216/ha) and B:C ratio (4.45) was under atrazine 0.75 kg/ha PE fb straw mulch at 10 DAP fb hand weeding at 75 DAP. 
Effect of IWM on weed dynamics, dry matter accumulation, yield and economics of turmeric
The higher net return was a result of 41.4 % higher yield and 28.8% reduced cost of cultivation compared to mean yield and cost of cultivation recorded by rest of the chemical methods of weed control. Similar trend of yield, net return and B:C ratio also found by Barla et al. (2015) , Manhas et al. (2011) and Kaur et al. (2008) .
Crop growth rate
Crop growth rate was also higher under atrazine 0.75 kg/ha PE fb straw mulch at 10 DAP fb hand weeding at 75 DAP at 30-90 and 90-150 DAP to the tune of 153.3 and 148.0% compared to hand weeding at 25, 45 and 75 DAP, respectively (Table 2) .
Thus, it was concluded that application of atrazine 0.75 kg/ha pre-emergence fb straw mulch and hand weeding at 75 DAP may be practiced for better crop growth, higher productivity and profitability of turmeric owing to better weed control.
SUMMARY
A field experiment was conducted at Birsa Agricultural University, Ranchi during rainy season of 2014 to study the efficacy of weed control methods as a suitable integrated weed management for better production of turmeric. Dry matter accumulation by total plant parts was maximum under atrazine 0.75 kg/ha pre-emergence (PE) followed by (fb) straw mulch at 10 DAP fb hand weeding at 75 DAP at all the stages. Application of atrazine 0.75 kg/ha PE fb straw mulch at 10 DAP fb hand weeding at 75 DAP recorded higher rhizome yield consequently higher gross return (` 725917/ha). However, maximum net return (` 621216/ha) and B:C ratio (5.93) was recorded with application of atrazine 0.75 kg/ha PE fb straw mulch at 10 DAP fb hand weeding at 75 DAP. 
